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$m+( \frac+\rho\theta)=\rho\phi-\frac$ , (l.lb)
$\rho\theta+m\theta+\frac(\frac)\rho\theta-\frac(\kappa\theta)=\frac-\frac(\theta-\overline)$ , $(11c)$
$\phi=\rho-D$ . $(11d)$







$D\in B(\overline)$ , $x\in inD(x)>0$ . (1.2)
$\Omega:=(0,1)$ (1.1)
1701 2010 82-91 82
$(\rho, m, \theta)(0, x)=(\rho, m, \theta)(x)$ , (1.3)
$\rho(t, 0)=\rho>0$ , $\rho(t, 1)=\rho>0$ , (1.4)
$\theta(t, 0)=\theta(t, 1)=0$ , (1.5)
$\phi(t, 0)=0$ , $\phi(t, 1)=\phi\geq 0$ . (1.6)
$\rho,$ $\rho,$ $\phi$ (lld) $\phi$
$\phi(t, x)=\Phi[\rho](t, x)$
$:= \int\int(\rho-D)(t, z)dzdy+(\phi-\int\int(\rho-D)(t, z)dzdy)x$. (17)
(1.1), $(1.3)-(1.6)$ $x=0$ ,
$x=1$
$\rho(0)=\rho$ , $\rho(1)=\rho$ , (1.8a)
$\theta(0)=\theta(1)=0$ , (1.8b)
$m(0)=m(1)=0$. (1.8c)
$\inf\rho>0$ , $\inf\theta>0$ , $\inf(\theta-\frac)>0$ .
(1.1), $(1.3)-(1.6)$ $(\rho, m, \theta)$




$i\geq 0$ $H(\Omega)$ Sobolev $\Vert\cdot\Vert$
$H=L$ $\Vert\cdot\Vert:=\Vert\cdot\Vert$ $k,$ $i\geq 0$
$C([0, T];H(\Omega))$ $H(\Omega)$ $[0, T]$ $k$
$H(0, T;H(\Omega))$ $H(\Omega)$ $(0, T)$ $k-1$
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$k$ $L$
$i\geq 0$ $\mathscr{S}(\Omega)$ $i$
2), 3
$X([0, T]):= \bigcap C([0, T];H(\Omega))$ , $X([0, T]):=X([0,T])$ ,
$\mathfrak{Y}([0, T]):=C([0,T];L(\Omega))\cap C([0, T];H(\Omega))\cap H(0, T;H(\Omega))$,











$\rho(0, x)=\rho(x)$ , (2.2a)
$j(0, x)=j(x):=m/\tau(x)$ , (2.2b)











ET (2.4) $(1.4)-(1.6),$ $(2.2a),$ $(2.2c)$




DD (25) (14), (16), (2.2a)
(iii)
1:
3,4,5 HHD ET DD
[13,14],
6
(i) $\epsilon$ $0$ HHD ET
(ii) $\zeta$ $0$ ET DD
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$( \theta-\epsilon\frac)\tilde+\tilde\tilde=\tilde\tilde-\tilde$ , (3.lb)
$\tilde\tilde+\frac(\frac)\tilde\tilde-\frac\kappa\tilde=(\frac-\frac)\frac-\frac(\tilde-\overline)$ , (3.lc)
$\tilde=\tilde-D$ . (3.ld)
hydrodynamic model (HD )




3.1. (12), (14), (16)
$\beta\downarrow>0$ $\delta>0,$ $\zeta>0,$ $\eta>0$ $\delta\leq\delta$
$\epsilon<\zeta\leq\zeta$ $(1.4)-(1.6)$ , (3.1) (2.3),
$\frac B\leq\tilde\leq 2B$ , (3.2a)
$B:= \min\{\rho,$ $\rho,\inf D(x)\}$ , $B:= \max\{\rho,$ $\rho,$ $\sup D(x)\}$ ,
$su|\tilde-\overline|x\in\leq\eta$ (3.2b)
$(\tilde,\tilde,\tilde,\tilde)\in B(\overline)\cross B(\mathscr{N}\cross B(\overline)\cross B(\overline)$
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3.2. $(\tilde,\tilde,\tilde,\tilde)$ $(1.4)-(1.6),$ $(3.1)$ $(\rho,j, \theta)\in$
$H(\Omega)\cross H(\Omega)\cross H(\Omega)$
$\rho,$ $\rho,$ $\phi$ (14), (16), (1.8), (1.9a), (1.9b),
(2.3) $\delta>0$ $\zeta>0$ $\delta\leq\delta$
$\zeta\leq\zeta$ ( $\delta$ $\zeta$ ) $\epsilon>0$ $\epsilon\leq\epsilon$
$(1.4)-(1.6),$ (21), (22) (1.9a), (1.9b), (23)
$(\rho,j, \theta, \phi)$ : $\rho-\tilde\in X([0, \infty))$ ,
$i-\tilde\in X([0, \infty)),$ $\theta-\tilde,$ $\theta-\tilde\in \mathfrak{Y}([0, \infty)),$ $\phi-\tilde\in X([0, \infty))$ .
$\Vert(j-\tilde)(t)\Vert+\Vert(\rho-\tilde,\theta-\tilde)(t)\Vert$
$+\epsilon\Vert(\partial\{j-\tilde\}, \partial\{\theta-\tilde\})(t)\Vert+\Vert(\phi-\tilde)(t)\Vert\leq Ce$












4.1. (12), (14), (16)
$\rho>0$ $\delta>0,$ $\zeta>0,$ $\eta>0$ $\delta\leq\delta$
$\zeta\leq\zeta$ ET (2.4) (3.2) $(\tilde,\tilde,\tilde,\tilde)\in$
$\mathcal{B}(\mathscr{N}\cross \mathcal{B}(\overline)\cross \mathcal{B}(\mathscr{N}\cross \mathcal{B}(\mathscr{N}$
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42. $(\tilde,\tilde,\tilde,\tilde)$ ET (2.4) $(\rho, \theta)\in H(\Omega)$
$\rho\iota,$ $\rho,$
$\phi$ (14), (16), (1.8a), (1.9a), (1.9b)
$\delta>0$ $\zeta>0$ $\delta\leq\delta$ $\zeta\leq\zeta$
(14) $-(16),$ $(22a),$ $(22c),$ (24) (1.9a), (1.9b) $(\rho,j, \theta, \phi)$
: $\rho-\tilde,$ $\theta-\tilde\in 3([0, \infty))\cap \mathfrak{Y}lx((0, \infty)),$ $j-\tilde\in$
$C([0, \infty);L(\Omega))\cap 3((0, \infty)),$ $\phi-\tilde\in C([0, \infty);H(\Omega))\cap H([0, \infty);H(\Omega))$ .
$\Vert(j-\tilde)(t)\Vert+\Vert(\rho-\tilde,\theta-\tilde)(t)\Vert+\Vert(\phi-\tilde)(t)\Vert\leq Ce$




[9, 10]. Gajewski-Gr\"oger [5]
Mock
( ) [13].
5.1. (12), (14), (16)
DD (2.5) (1.9a) $(\tilde,\tilde,\tilde)\in \mathcal{B}(\overline))$
52. $(\tilde,\tilde,\tilde)$ DD (2.5) $\rho\in H(\Omega)$
$\rho\iota,$ $\rho,$
$\phi$ (14), (16), (1.8a), (1.9a) $\delta>0$
$\delta\leq\delta$ $(1.4)-(1.6),$ $(2.2a),$ (25)
(1.9a) $(\rho,j, \phi)$ : $\rho-\tilde\in 3([0, \infty))\cap$
$\mathfrak{Y}$ $c((0, \infty)),$ $j-\tilde\in C([0, \infty);L(\Omega))\cap \mathfrak{Y}([0, \infty)),$ $\phi-\tilde\in C([0, \infty);H(\Omega))\cap$
$H(0, \infty;H(\Omega))$ .
$\Vert(\rho-\tilde)(t)\Vert+\Vert(j-\tilde)(t)\Vert+\Vert(\phi-\tilde)(t)\Vert\leq Ce$ .




61. $(\rho,j, \theta)\in H(\Omega)\cross H(\Omega)\cross H(\Omega)$ $\rho,$ $\rho,$ $\phi$ (14),
(16), (18), (1.9a), (1.9b), (23) $\epsilon$
$(1.4)-(1.6)$ , (2.1), (2.2) $(\rho,j, \theta, \phi)$
$(1.4)-(1.6),$ $(2.2a),$ $(2.2c)$ , (2.4) $(\rho,j, \theta, \phi)$
$\delta>0$ $\zeta>0$ $\delta\leq\delta$ $\zeta\leq\zeta$
( $\delta$ $\zeta$ ) $\epsilon>0$ $\epsilon\leq\epsilon$
$t\in(0, \infty)$
$\Vert(\rho-\rho, \theta-\theta)(t)\Vert+\Vert(\phi-\phi)(t)\Vert\leq C\epsilon$ , (6.1)
$\Vert(j-j)(t)\Vert\leq\Vert(j-j)(0)\Vert e+C\epsilon$ , (6.2)






62. ET $\rho$ $\theta$
(2.4d) (1.7) :
$j(0,x)=-(\theta\rho)(x)+\rho(\Phi[\rho])(x)$ .




63. $(\rho, \theta)\in H(\Omega)$ $\rho,$ $\rho,$ $\phi$ (14), (16), (1.8a), (1.9a),
(1.9b) $\zeta$ $(1.4)-$
(1.6), (2.2a), (2.2c), (2.4) $(\rho, j, \theta, \phi)$ (14),
(16), (2.2a), (2.5) $(\rho,j, \phi)$ $\delta>0$
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$\zeta 0>0$ $\delta\leq\delta$ $\zeta\leq\zeta 0$ $t\in(0, \infty)$
$\Vert(\rho-\rho)(t)\Vert+||(\phi-\phi)(t)\Vert\leq C(,$ (6.4)
$\Vert(\theta-\overline)(t)\Vert\leq C\Vert\theta-\overline\Vert e+C\zeta$ , (6.5)
$\Vert(\{\rho-\rho\}, \{\theta\},j-j)(t)\Vert\leq C((1+t).$ (6.6)






61 63 HHD DD
65. 61 63 $\epsilon,$ $\zeta$
$(1.4)-(1.6)$ , (2.1), (2.2) $(\rho, j, \theta, \phi)$




$\Vert(j-j)(t)\Vert\leq\overline\Vert(j-j)(0)\Vert e+\overline \mathscr{F}(1+t)+C\epsilon$ ,
$\Vert(\{\rho-\rho\}, \{\theta\})(t)\Vert\leq\overline\zeta(1+t)+C\epsilon$ .




[1] G. Q. CHEN AND D. WANG, Formation of singularities in compressible Euler-Poisson fluids
with heat diffusion and damping relaxation, Z. Angew. Math. Phys. 49 (1998), 341-362.
[2] P. DEGOND, S. GENIEYS AND A. JUNGEL, A system of parabolic equations in nonequilibrium
thermodynamics including thermal and electrical effects, J. Math. Pures Appl. 76 (1997),
991-1015.
[3] P. DEGOND, S. GENIEYS AND A. JUNGEL, A steady-state system in nonequilibrium ther-
modynamics including thermal and electrical effects, Math. Methods Appl. Sci. 21 (1998),
1399-1413.
90
[4] P. DEGOND AND P. MARKOWICH, On a one-dimensional steady-state hydrodynamic model,
Appl. Math. Lett. 3 (1990), 25-29.
[5] H. GAJEWSKI AND K. GROGER, On the basic equations for carrier transport in semiconduc-
tors. J. Math. Anal. Appl. 113 (1986), 12-35.
[6] Y. GUO AND W. STRAUSS, Stability of semiconductor states with insulating and contact
boundary conditions, Arch. Ration. Mech. A $nal$. 179 (2006), 1-30.
[7] H. LI, P. MARKOWICH AND M. MEI, Asymptotic behavior of solutions of the hydrodynamic
model of semiconductors, Proc. $Roy$. Soc. Edinburgh Sect. $A$ 132 (2002), 359-378.
[8] A. MATSUMURA AND T. MURAKAMI, Asymptotic behavior of solutions for a fluid dynamical
model of semiconductor equation, Kyoto Univ. RIMS Kokyuroku 1495 (2006), 60-70.
[9] M. S. MOCK, On equations describing steady-state carrier distributions in a semiconductor
device. Comm. Pure Appl. Math. 25 (1972), 781-792.
[10] M. S. MOCK, Asymptotic behavior of solutions of transport equations for semiconductor
devices. J. Math. Anal. Appl. 49 (1975), 215-225.
[11] S. NISHIBATA AND M. SUZUKI, Asymptotic stability of a stationary solution to a hydrody-
namic model of semiconductors, Osaka J. Math. 44 (2007), 639-665.
[12] S. NISHIBATA AND M. SUZUKI, Asymptotic stability of a stationary solution to a thermal
hydrodynamic model for semiconductors, Arch. Ration. Mech. Anal. 192 (2009), 187-215.
[13] S. NISHIBATA AND M. SUZUKI, Relaxation limit and initial layer to hydrodynamic models
for semiconductors, to appear.
[14] S. NISHIBATA AND M. SUZUKI, Hierarchy of semiconductor equations: relaxation limits with
initial layers for large initial data, to appear.
91
